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COMPLETE SPEOFICAT10N 
Improvement in Preparation of Halogenated defines 



We, Union Carbidb and Caxboh Coh- 
POBATION, of 30, East 42nd Street, New York, 
State of New York, United States of America, 
a Corporation organised under the laws of 

o the State of New York, United States of 
America (Assignees of Jawed Wilson Clark, 
a CSti*m of the United States of Amfrica, 
residing at 649, Smith Road, Charleston, State 
of West Virginia, United States of America), 

10 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described m and 
by the following statement:— 

16 This invention relates to an improved 
process far m»Hng chlorotrinufsoetfaylcne 
tram 111: i-trkmloro-i : 2 : 2-trifliKM ethane. 

It is known that poly^ornflnoroallanes 
can be dechlorinated with zinc to yield 

20 chkrcfooroalkenes. (Locke et d, JA.CS. 
(1934)3 VoL 56, page 1726). Such r eaction 
may be used to dehalogenate compounds 
having one or more chlorine or bromine 
atoms on adjacent carbon atoms- The 

25 f4t|<yit>^ or bromine atoms are removed in 
pairs, with one atom of zinc being required 
to effect the removal of each pair. Thus, the 
dechlorination of rrkhlorotrinuaroerhane by 
this known process results in the production 

30 of chloride as a by-product in an amount 
greater than that of the desired chlorotrifruoro- 
erhylene. This zinc chloride is produced in 
the form of an aqueous solution and operating 
on a large scale, the disposal of this large 

35 amount of by-product would constitute a 
difficult and serious problem since the re- 
generation of the zinc or the recovery of the 
chloride is not commercially practicable* An 
fldrfirifwifll disadvantage is that such reaction 

40 must be carried out under pressure, in the 
liquid phase, 

It is also known that halogens can be 
removed from halogenated organic com- 
pounds in the presence of hydrogen and this 

46 reaction has been applied as a quandcahve 
procedure for the determmation of the 
amount of halogen present. Saba tier and 
Maihk (Com ptes Rendu (1904). VoL 138, 



page 407) have described the reaction of 
nexachkroethane and hydrogen over a nickel 60 
catalyst with the formation of perchloro- 
ethylene and hydrogen chloride. As fin* as Is 
known, however, it was not considered that 
one halogen could be removed preferentially 
in the presence of another halogen, 55 

The present invention is based on the dis- 
covery that chlorine can be removed preferen- 
tially from i:2:a^richlorivi:d:3^trhmoro- 
ethane in the presence of hydrogen to form 
chbrouuraoroethylene in good yields and 60 
efficiencies. Hydrogen chloride is farmed as 
a by-product. The reaction is ulustratcd by 
the following equation: 

OQjFCQFj + Ha — > GQF=CF 5 + 2HCl 

The reaction can be carried out by passing 65 
a mixture of r ;i p-rrichlaro-i ^p-trinuoro- 
ethane and hydrogen through a reactor or 
converter maintained at an elevated tempera- 
ture. The reactor can be a length of tube 
made of nickel or stainless steel, for instance, 70 
which can be TmfilTrrt, or charged with a 
catalyst as hereinafter described- It can be 
externally heated by known expedients, as by 
immersion in a heated salt bath, for tngtaw^ 
or by an electrical resistance, The vapours 75 
issuing from the reactor can be collected by 
cooling and condensation, after having first 
been washed id remove the hydrogen chloride, 
and dried. 

For high efficiencies, the reaction is best 80 
carried out over nickel, cobalt, copper, 
pl amrm iiij palladium or a c t i vated carbon as a 
catalyst. Of these, nickel is preferred. The 
catalyst can be in me form of finely divided 
metal, as for instance nickel, and pressed into 85 
peHets, or the catalyst in finely divided form 
can be deposited on a support. Alternatively, 
the catalyst can be used in the form of its 
salts on a support, as for instance nickel 
chloride on graphite or activated carbon. 90 
Snmlady, the cobalt, copper, platinum and 
palladium can be enmloyed in the form of 
the tittfsfl or their salts. 

In non-catalytic operations, the reaction 



RECEIVED 
CENTRAL FAX CENTER 

FEB 2 8 2005 



PACE 6/17 * RCVD AT 2/28/2005 5:42:37 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/14 * DNIS:87»306 ' CStD: 5098383424 ■ DURATION (mm-ss):06-22 



02/28/2005 14:42 FAX 5098383424 



WELLS ST JOHN PS 



3)007/017 



698,386 



can be earned out at a temperature between 
450 s C and 650° C A tempera tore within 
die range of 450* Q to 575* C is preferred. 
At temperanirea below 450 C in the absence 

5 of a catalyst; the yield tends to fall off to 
about 5 to 10 per cent At temperatures 
above 575* C, a shorter reaction time is 
required than at lower temperatures in order 
to nwiirnigg; fosses due to polymer formation 

10 and decomposition to triflooro ethylene and 
free carbon. The formation of polymer and 
free carbon results in a deposit an die walls 
of the reactor which, if allowed to accumu- 
late^ would eventually offer rrtesMve resist- 

15 ance to the flow of gas through the reactor 
and to the transfer of hear through the tube 
wall The deposit is bard and adheres firmly 
to the tube walls but it can readily be re- 
moved by burning out with air and with 

20 oxygen* 

The ratio of hydrogen to 1:1: 2-trichloro- 
i:a;2-4riflunroethane is not critical. At a 
ratio of 0.75 mol of hydrogen per mol of 
1 : 1 :2~tricbIoTo-x : 2. : 2-4rifluoroethane it is 

26 possible to react practically all of the hydro- 
gen which facilfoffffl recovery of the chloro- 
tmmoroethylene and unreached trkhlaro- 
ttHhrn ro et han e. Increasing the proportion of 

J i yl i i*£**n ineareaMea the yield of l^llDrotriflucn>- 

30. rdiylenr but the losses due to the for m atio n 
of carbon and trifinoroethyieoe also increase. 
A ratio of from 0.75 to 3 mob of hydrogen 
per mol of r : 1 : 2-trichlaro-- 1:2: 2-trifhioro- 
tfaxn* is preferred. 

3d Lasses due to die formation of carbon and 
txmuoroediyieue can also be minim feed by 
employing lower temperatures to effect lower 
single pass yields. In general, optimum 
rffirimrip* are c*>urined when the single pass 

40 yields are in the range of 20 to 40 per cent, 
based on the r : 1 : 2-trichloro-i : 2 : 2-trifluaro- 
ethane. 

Reaction tempexanxres used with catalysts 
are lower than those used in noorcatalytfc 

45 operations. The actual mechanism of the de- 
chlorinarion reaction is not known. It may 
be that the catalyst metal reacts to form the 
metal chloride which then reacts with the 
hydrogen to give hydrogen chloride, with die 

50 metal being regenerated and the cycle 
repeated. In the presence of a catalyst 
reaction temperatures of 400* C to 475* C. 
arc preferred. However, temperatures be- 
tween 375* C and 525 * C can also be used. 

55 Appreciable removal of chlorine may be 
effected at temperatures as low as 200* C 
with an active catalyst but at this low tem- 
perature the reduction of metal balides is 
very slow and the metal catalyst tends to be 

60 converte d to the less active metal chloride 
and fluoride. At temperatures above 475° C 
the catalytic reaction tends to become less 
ofcrlmt The temperature of 475* C approxi- 
mates the practicable upp er limit for efficient 

65 operation. Usable temperatures range up to 



525* C, but for these higher temperature 
ranges a somewhat shorter contact time is 

The invention is more particularly de- 
scribed in the following examples: 70 
Example i. 

A mixture of 739 pans by wcigjit (3.05 
mols) of i:x:2-u3chloro-i:2:2-trifluoro- 
ethane with hydrogen in a mol ratio of 
approximately 1 to 3 was passed through an <5 
electrically heated tube inaintained at a tem- 
perature of 410* C to 478* C The tube 
which was made of stainless steel was three 
feet long and had an inside diameter of one 
inch. It was charged with 461 grams of nickel &) 
catalyst in pellet form, The space velocity 
was approximately 300 litres per line of 
catalyst per hour. 

Tne reaction gases from the tube were _ 
passed first through a water scrubber where 85 
hydrogen chloride and hydrogen fluoride 
were removedg and rbwi dried m a ^*i***^t m 
chloride drying tower. The product was con** 
densed from the dried gas by means of a 
series of cold trans cooled by a solution of 90 
solid carbon dioxide and acetone and a final 
trap cooled by Squid nitrogen. The excess 
hydrogen cirriting from the nitrogeu- c ool ed 
trap was vented through a gas meter, 

PMlarinn of the condensate collected in 95 
the cold trap yielded 209 parts of a chloro- • 
triflaorocthyicne fraction boiling at —30" C 
to —26"* C and having an apparent mole- 
cular weight of 1 18.5 based 00 vapour 
density detecprinarions; as compared with the HO 
boilmg point of -27.9° C given in literature 
(Stull, lad. Eng. ChenL, VoL 39, page 518; 
1947) and a calculated malecnlar weight of 
116.5. There was obtained also 16 parts of |nr 
a trifluoroethvknc fraction boiling at -55* 
G to —50* C and having an apparent mole- 
cular weight of 884 based oh vapour density 
determinations; as compared with the boiling 
point of -51* C given in literature (Swarts, ft 
Chem. Zentr. IT, page 281; 1899), and a calcu- 110 
lated molecular weight of 82.0. A third frac- 
tion amounting to 45 parts of material boiling 
above 40* C was largely unreacted 1:1:2- 
trichloro- 1:2:2- D^flnCfoethanc. The total 
production of chlorocrinuoroediylene was 240 
parts corresponding to a yield of 52.1 per 
cenL The efficiency was 55J8 per cent. The 
yield of trifluaroethylene was 5.1 per cent 
with an efficiency of 5-4 per cent. 

Example 2. 120 

A mixture of i^^trichloro-rua-triflnoro- 
e thane and hyd r ogen in a mol ratio of about 
1 to 1.3 was passed through a reactor main- 
tained at a te mp er a ture of about 425 s Q to 
480* C The reactor was a stainless steel tube 1- ~> 
as in Example 1, charged with too mini- 
litres of a catalyst made by evaporating to 
dryness an aqueous solution of 364 grams of 
nickel chloride (KX3-6H-0) on 300 muli- 
Utres (135 grams) of activated carbon pellets 130 
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which are small enough to pass through a 
mesh having openings of 3/16 of an inch hut 
large enough to he retained on a mesh with 
openings of i of an inch. The space velocity 
5 was 1540 litres per litre of catalyst per hour. 
The reaction gases were washed, dried and 
the reaction product condensed and collected 
as in Example 1. Upon distillation of the 
condensate mere was obtained 258 para of 
10 a cblorotjsfranroethylene fraction bofling be- 
tween — 30* to — 20* G and 40 parts of a 
trifluoroethylene fraction boiling below — 30" 
C The estimated efficiency to cU or 0 triflnoxo- 
cthyiene based on the tricWorotrinuoroethane 
was 75 per cent. 

Example 3. 
A mixture of 2x77 parts by weight of 1 : 
1:2- trichloro -1:2:2- trifluoroethane with 
hydrogen in a mol ratio of about j to 14 
*° was passed during a five hoar period through 
a reactor maintained at a temperature of 400* 
C to 500* C The reactor was a stainless 
steel tube, as in Example x a charged with 
200 millOitres of a catalyst made by evaporat- 
25 mg to dryness an aqueous solution of 140 
grams of cobalt chloride (CoO-.6H 3 0) on 
300 TiriTliTftres of activated carbon pellets. 
The space velocity was 670 litres per litre of 
catalyst per hour. 
30 The reaction gases were washed, dried and 
the reaction product condensed and collected 
as in Example 1. Upon dictating the con- 
densate there was obtained 249 parts of 
. crJorotrifluoroethylenc. The yield was 18.5 
1 per cent and the efficiency 63.2 per cent 
based on the ftt^m arotrhmoroetnanc 

A mixture of 685 parts by weight of 1 : 1 : 2- 
trichloro-i : 2 : 2-trichk)roethanc and hydrogen 
in a mol ratio of I to 2.5 was passed through 
a reactor ma in finned at a temperature of 
about 400* C. to 425* C during a period of 
dues hours. The reactor was a stainless steel 
41- tube as in Example x. It was charged with 
49 200 Tn ill nitres of a catalyst made as follows : 
A solution of 135 grams of cuprous chloride 
in 320 grams of hydrochloric acid was 
evaporated to dryness on 300 miHilitrcs (135 
grams) of activated carbon pellets which are 
small enough to pass through a m^h having 
openings of 3/16 of an inch but large enough 
to be retained on a mesh with, openings of 
3/32 of an inch. 

There was obtained 149 parts of duoro- 
triSuoroerhyiene for a yield of 35.0 per cent 
and an efficiency of 604 per cent based on 
the trichlciotrinuoroethane^ The production 
ratio was 249 grams of chloroCrtmioroethylene 
per litre of catalyst per hour. 

Example 5. 
A mixture of 1494 parts by weight of 1 : 
1:2 - trkhlcro- 1:2:2 - trifruoroethane with 
hydrogen in a mol ratio of x to 0.7 was passed 
through a reactor which was a nickel tube of 
66 one inch, inside diameter, filled with carbon 



35 



40 



60 



55 



60 



rings. A zone containing 150 nullilitres of 
the carbon rings was rnginrarnrH at a tem> 
peratore of 520° C to 550* C and the feed 
rale adjusted to give a space velocity of about 
416 litres per litre of reactor space per horn* TO 

There was obtained 288 parts of chloro* 
trifluoroethylene ccarespondihg to a yield of 
31 per cent and an efficiency of 66 per cent, 
based on the ttichloratrinnorrjethaj^e. The 
production ratio was 370 grams of chloro- 75 
trifinorocmyiene per litre of reactor volume 
per hour. 

Example 6, 
1:1:2 - tricolor© - 1:2:2 - triftioroethane 
(1651 parts by weight) was fed together with 60 
hydrogen In a 1 to 14 mol ratio over acti- 
vated carbon (100 xnumirres) contained in a 
direct-heated stainless steel tube having an 
inside diameter of one inch. A period of four 
hours was required, during which the ten> 86 
peratnre was maintained at about 500* C to 
520* G 

There was obtained 84 pans of chkaotri- 
fliioroethylene. The unreacted trichlcrotri- 
flmiroethane that was recovered amounted to 00 
1 54° parts. The yield was 7 per cent and 
the e fficie n c y based on the trx±Iorotriflunro» 
ethane was 40 per cent. The prcducdon ratio 
was 211 grams per litre of catalyst per hour. 

Rtahtt t? 7. 95 

1:1:3 - trichloro - 1:2:2 - trittnorocthane 
(26x0 parts by weight) and irjdrogen hi a 
mol ratio of 2 to 1, were passed through a 
reactor over a period of 4.5 hours. The 
reactor was a nickel tube seven feet tang and 100 
one inch inside diameter. The top preheater 
section of the tube, 24 inches in length, was 
fined with nickel pellets supported on a pad 
c^ xuefcd lathe turnings. The renvunder of the 
tube which was empty except for a nickel 105 
thermocrmple well was mafntamfd at a 
ifmperatnie of 531- C. to 534* C by a 
heated salt bath. The feed rate was adjusted 
to give a space velocity of 25a litres per litre 
of reactor space per hour. no 

TTiere was obtained 346 pans of duoto- 
tnfiuinxemyiene and 53 parts of trifluoro- 
ethyiene. The unreacted trichlorotrifluarc- 
cmsne that was recovered amounted to 1751 
parts. These amounts correspond to an 116 
efficiency to chlmotrinuoroemylcne of 65 per 
cent and an enlriency of triftuoroethylene of 
i4P«x cent, based on trichlcrotrifluarc- 
ft rem r 

What we claim is: j20 
x. A process for making chlomtrrmioro- 
etirylene whkh conmrises heating a nurture 
of ?:i:3-rrich]orc~i:3:^t^ and 
hydrogen to an elevated reaction temperature 
at wruch hydrogen chloride is formed, but 125 
D 5| ow «w decompceition temperature of 



2 A proces s as claimed m Claim 1, in which 
™ mrsture of x:i:2-trichloro-x:2:2- 
tnnuoroetnanc and hydrogen is heated in the 130 
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absence of a catalyst at a lenrperatnre between 

4<0* C and *5°* a " . 

a. A process as dahned m Claim X a 2, in 
^jih the xnbrtnre of 1 : 1 :Wricblnro-x :a£*- 
5 triflnorocdianc and hydrogen contains from 
075tD3nKibofhjdio S enperinolofi:,i:i- 
t ndto o-i - ^ r a-^rnmorofoianfc, ^ 

4. A process a3 daimed in Clarm 1, m winch 
the" mature of i:i:>«richte«:3:2^ 
10 fiaoroctnanc and hydrogen is beared xn the 
Tjrcscnce of a. catalyst consisting of one of the 
fcUowing: nfckd, cobalt; copper, platmnrn, 
pdkdiom, or a salt thereof actuated carbon 



not 



»t a temperature of at least 375* 

higher Than 5*5* ^ M^w^nm. 

Ta process fa mafang cblorottr^^ 
ethylene substantially as herembefcre lb 
described in any one of the 



orocess as claimed in any one of Claims X ^ 
to 5. 

W. P. THOMPSON & CO., 
12, Chnrch Street; liverpool* x. 
Chartered Patent Agents- 
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